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We investigate the production and absorption of Zb(10610) and Z
′
b(10650) states in a hadronic
medium, via the processes B¯(∗)B(∗) → piZ(′)b and the corresponding inverses reactions. We use
effective field Lagrangians based on an SU(4)-extension of the hidden gauge formalism to account
for the couplings between light and heavy mesons, and a phenomenological Lagrangian involving the
B∗B(∗)Z
(′)
b vertices. The absorption cross sections are found to be much larger than the production
ones.
I. INTRODUCTION
In recent years we have witnessed the discovery of
many new states, indicating that the heavy-hadron spec-
trum is much richer than expected in conventional con-
stituent quark models. The benchmark in this new era
of spectroscopy was the discovery of the state X(3872)
in 2003 by the Belle Collaboration [1]. Since then, more
than twenty candidates of exotic hadron states have been
observed by several collaborations. For a review, see ref-
erences [2–5].
Among these many states, we find two charged
bottomonium-like resonances, Z±b (10610) and
Z ′±b (10650) (denoted hereafter as Z
±
b and Z
′±
b ), observed
in the processes Υ(5S) → Υ(nS)π± (n = 1, 2, 3) and
Υ(5S) → π±hb(mS) (m = 1, 2) [6, 7]. The reported
masses and decay widths averaged over the mentioned
channels aremZ±
b
= 10607.2±2.0MeV, ΓZ±
b
= 18.4±2.4
MeV and mZ′±
b
= 10652.2± 1.5 MeV, ΓZ′±
b
= 11.5± 2.2
MeV [3]. Due to their charged nature and favored quan-
tum numbers (IG(JP ) = 1+(1+)), they cannot be pure
bb¯ states and must contain at least four quarks. Another
relevant property is that, similarly to other exotic states,
they are close to thresholds of heavy-meson bound
states: Zb and Z
′
b are near BB¯
∗ and B∗B¯∗ thresholds,
respectively. Thus, a natural interpretation extensively
used is to suppose that they are S-wave deuteron-like
molecules of bottomed mesons [8–24]. Accordingly,
we assume here that the components of Zb and Z
′
b are
S-wave molecular states of 1√
2
(BB¯∗ − B∗B¯)(3S1) and
B∗B¯∗(3S1), respectively [15, 20].
Although plausible, the meson molecule interpretation
of these exotic bottomonium states is not yet firmly es-
tablished. It can be argued that, due to the larger masses,
these multiquark states should be more compact and a
tetraquark configuration, i.e. two quarks and two anti-
quarks in a compact “bag”, should be favored.
In order to arrive at a consistent picture of these states,
we must take advantage of all the experimental informa-
tion already existent and still to be obtained. We have
already data on the Zb and Z
′
b masses and decay widths
coming from e+e− collisions. More information can be
obtained from the hadron colliders, in particular from
the production cross section measured in proton-proton,
proton-nucleus and nucleus-nucleus collisions. In the case
of the much more investigated X(3872), the attempt to
explain the measured production cross section in proton-
proton collisions led to the conclusion that it is very dif-
ficult to understand this state as a meson molecule. Ac-
cording to the calculations presented in [25] the X can
be better understood as a mixture with both a molecular
and a cc¯ component. It will be interesting to see if the
same conclusion holds for the Zb and Z
′
b.
The experimental study of X(3872) production in
hadron colliders (already started [26]) and in heavy ion
collisions (HICs) will complement the accumulated in-
formation and help in discriminating between different
pictures of the state. The same can be said about the Zb
and Z
′
b states discussed above. The advantage of working
with heavy ions is that we have a much higher produc-
tion rate of heavy quarks. Moreover in HICs there is
a quark gluon plasma (QGP) phase, where the quarks
can move freely and form more easily multiquark states,
specially in the hadronization transition. The disadvan-
tage is that it is more difficult to identify these states
experimentally, in the middle of an extremely large num-
ber of produced particles. Another disadvantage is that
in HICs there are a number of effects and possibilities
which have to be considered, for which the theoretical
treatment is still incomplete. In this work we concen-
trate on one of such aspects: the interaction of these
multiquark states (more specifically of the Zb and Z
′
b )
with the light particles forming the hot hadronic medium
which is produced after the cooling and hadronization of
the QGP. We will follow closely and extend the previ-
ous works on the subject, where the interactions of the
X(3872) were addressed [27].
After being produced at the end of the quark gluon
plasma phase, the Zb and Z
′
b interact with other hadrons
during the expansion of the hadronic matter. Therefore,
they can be destroyed in collisions with the comoving
2light mesons, but they can also be produced through
the inverse reactions [27–34]. Since the cross sections
depend on the spatial configuration of these states, the
strength of these interactions depends ultimately on the
internal structure of the Zb and Z
′
b and the measurement
of their multiplicity would be very useful to determine
their structure.
Inspired by evaluations of the X(3872) abundance
mentioned above, in this work we study the interactions
between Zb and Z
′
b and light hadrons. More precisely, we
consider the production of Zb and Z
′
b through the pro-
cesses B¯B → πZ(′)b , B¯∗B → πZ(′)b and B¯∗B∗ → πZ(′)b
and absorption of these exotic states through the inverse
processes πZ
(′)
b → B¯B, πZ(′)b → B¯∗B and πZ(′)b →
B¯∗B∗. We obtain the amplitudes and cross sections re-
lated to these processes for Z
(′)+
b within the framework
of SU(4) effective Lagrangians [22, 27]. Also, following
Refs. [9, 20, 24], we assume that the Z+b couples to the
components (B¯0B∗+ +B+B¯∗0), while the Z ′+b only cou-
ples to (B∗+B¯∗0).
The paper is organized as follows. In Section II we
describe the formalism, and determine the production
and absorption amplitudes and cross sections. Then, in
Section III we present and discuss our results. Finally, in
Section IV we draw the concluding remarks.
II. FORMALISM
The analysis of the processes involving the Z
(′)
b pro-
duction and absorption will be done in the effective field
theory approach. Accordingly, the Lagrangians carry-
ing the couplings between light- and heavy-meson fields
are built within the framework of an SU(4)-extension
of the hidden gauge formalism: it consists of an effec-
tive theory in which the vector mesons are identified as
the dynamical gauge bosons of the hidden U(3)V local
symmetry in the U(3)L×U(3)R/U(3)V non-linear sigma
model [27, 35–39]. The Lagrangians are given by
LPPV = −igPPV 〈V µ[P, ∂µP ]〉,
LV V P = gV V P√
2
ǫµναβ〈∂µVν∂αVβP 〉, (1)
where PPV and V V P denote pseudoscalar-
pseudoscalar-vector and vector-vector-pseudoscalar
vertices, respectively; the symbol 〈. . .〉 stands for the
trace over SU(4)-matrices; Vµ represents a SU(4)
matrix, which is parametrized by 16 vector-meson fields
including the 15-plet and singlet of SU(4),
Vµ =


ω√
2
+ ρ
0
√
2
ρ+ K∗+ B¯∗0
ρ− ω√
2
− ρ0√
2
K∗0 B∗−
K∗− K¯∗0 φ B∗−s
B∗0 B∗+ B∗+s Υ


µ
; (2)
P is a matrix containing the 15-plet of the pseudoscalar
meson fields, written in the physical basis in which η, η′
mixing is taken into account,
P =


η√
3
+ η
′
√
6
+ pi
0√
2
π+ K+ B¯0
π− η√
3
+ η
′
√
6
− pi0√
2
K0 B−
K∗− K¯∗0 − η√
3
+
√
2
3η
′ B−s
B0 B+ B+s ηb

 .
The coupling constants gPPV and gV V P in Eq. (1) are
related to pseudoscalar-pseudoscalar-vector and vector-
vector-pseudoscalar vertices, respectively, and are given
by [27],
gPPV =
mV
2fpi
, gV V P =
3m2V
16π2f3pi
(3)
with mV being the mass of the vector meson, which we
take as the mass of the ρ meson, and fpi is the pion decay
constant. The coupling gPPV is the strong coupling of
the B∗ meson to Bπ. Noticing that the decay B∗ → Bπ
is kinematically forbidden, it is not possible to determine
gPPV from experiments. We then use the experimental
information from the charm sector and from heavy quark
symmetry [27], which engenders an effective gPPV for the
vertices involving B and B∗ mesons as
gPPV =
mV
2fpi
mB∗
mK∗
. (4)
The mB∗/mK∗ factor present in the above coupling has
its origin in the heavy quark symmetry (as in Ref. [27]),
with which the D∗ → Dπ width is correctly reproduced.
It must be added that our PPV coupling also coincides
with the value used in Ref. [20] where the same is de-
termined using the heavy quark symmetry. Further, the
same PPV coupling has been used in Ref. [40] where
ρ − B and ρ − B∗ interactions are studied. A compar-
ison of the PPV coupling in Ref. [40] with the value
obtained in Ref. [41] within a lattice simulation shows
that the two values are compatible. It is also worth to
mention that our V V P coupling is also comparable with
the value obtained within the heavy quark symmetry in
Ref. [20]. This is so because we only make use of one
aspect of SU(4), which is the connection between the dif-
ferent coupling constants. As shown in Ref. [42], without
using any equality of masses for the light and c quarks,
for the case of the charm sector (where one could think
that SU(4) would give meaningless coupling constants)
wherever the connection between couplings can be tested
or compared with other approaches, the corresponding
SU(4) relations give very similar results.
Next, we can introduce the couplings of the Z
(′)
b to
B(∗)-meson fields. We emphasize that in the present
approach we treat Z
(′)
b as an elementary degree of free-
dom, with quantum numbers JP = 1+. Also, following
Refs. [9, 19, 24], we assume that Z+b (10610) couples to the
components (B¯0B∗++B+B¯∗0), while Z ′+b (10650) couples
only to the channel (B∗+B¯∗0). Then, the phenomenolog-
3ical Lagrangians involving the Z
(′)
b B
∗B(∗) vertices are
LZBB∗ = gZBB∗(BZµB∗†µ +B∗µZµB†),
LZ′B∗B∗ = igZ′B∗B∗ǫαβµνB∗α∂βZ ′µB∗†ν , (5)
where gZBB∗ and gZ′B∗B∗ are the coupling constants of
the ZBB∗ and Z ′B∗B∗ vertices, respectively; B = B− ,
B∗µ = B
∗−
µ and Z
(′)
µ = Z
(′)−
µ and the greek letters indicate
Lorentz indices.
Now we can determine the transition amplitudes for
the processes B¯B → πZ(′)b , B¯∗B → πZ(′)b and B¯∗B∗ →
πZ
(′)
b , by using the Lagrangians in Eqs. (1) and (5). In
Figs. 1-5 we show the diagrams associated to the men-
tioned processes at leading order, with the specification
of the charges of the incoming bottomed mesons and of
the particles in the final state, keeping in mind that the
diagrams in Figs. 1, 2 and 3 are related to the processes
involving Z+b production, while diagrams in Figs. 4 and
5 to the Z ′+b .
B+(p2) Z+b (p4)
pi−(p3)B−(p1)
B¯∗0
B+(p2) Z+b (p4)
pi0(p3)B¯
0(p1)
B¯∗0
(a)
(c)
B¯0(p1) pi
−(p3)
B∗+
B0(p2) Z
+
b (p4)(b)
B¯0(p1) pi
0(p3)
B∗+
B+(p2) Z+b (p4)(d)
FIG. 1: Diagrams contributing to the process B¯B → piZb.
B∗−(p1) pi−(p3)
B¯∗0
B+(p2) Z
+
b (p4)(a)
B¯∗0(p1) pi0(p3)
B¯∗0
B+(p2) Z
+
b (p4)(b)
FIG. 2: Diagrams contributing to the process B¯∗B → piZb.
The amplitudes associated to the t-channel diagrams
shown in Figs. 1-3 for the B¯B, B¯∗B, B¯∗B∗ → πZb pro-
B∗+(p2) Z+b (p4)
pi−(p3)B∗−(p1)
B¯0
B∗+(p2) Z+b (p4)
pi0(p3)B¯
∗0(p1)
B¯0
(a)
(c)
B¯∗0(p1) pi−(p3)
B+
B∗0(p2) Z+b (p4)(b)
B¯∗0(p1) pi0(p3)
B+
B∗+(p2) Z+b (p4)(d)
FIG. 3: Diagrams contributing to the process B¯∗B∗ → piZb.
B¯∗0(p1) pi−(p3)
B∗+
B0(p2) Z
′+
b (p4)(a)
B¯∗0(p1) pi0(p3)
B∗+
B+(p2) Z
′+
b (p4)(b)
FIG. 4: Diagrams contributing to the process B¯∗B → piZ′b.
B∗+(p2) Z ′+b (p4)
pi−(p3)B∗−(p1)
B¯∗0
B∗+(p2) Z ′+b (p4)
pi0(p3)B¯
∗0(p1)
B¯∗0
(a)
(c)
B¯∗0(p1) pi−(p3)
B∗+
B∗0(p2) Z ′+b (p4)(b)
B¯∗0(p1) pi0(p3)
B∗+
B∗+(p2) Z ′+b (p4)(d)
FIG. 5: Diagrams contributing to the process B¯∗B∗ → piZ′b.
cesses are, respectively,
T (Q1i,Q2i)1 = T (Q1i,Q2i)1 gPPV gZBB∗
1
t−m2
B¯∗
×
[
(p1 + p3)µ +
m2B −m2pi
m2B∗
p2µ
]
ǫ∗µZ (p4);
T (Q1i,Q2i)2 = T (Q1i,Q2i)2 gV V P gZBB∗
1
t−m2
B¯∗
×ǫµναβp1µp3αǫB∗ν(p1)ǫ∗Zβ(p4);
T (Q1i,Q2i)3 = T (Q1i,Q2i)3 gPPV gZBB∗
1
t−m2
B¯
×p3µǫµB∗(p1)ǫσB∗(p2)ǫ∗Zσ(p4); (6)
while the amplitudes associated to the u-channel dia-
4grams shown in Figs.1 and 3 are, respectively,
U (Q1i,Q2i)1 = U (Q1i,Q2i)1 gPPV gZBB∗
1
u−m2
B¯∗
×
[
(p2 + p3)µ +
m2B −m2pi
m2B∗
p1µ
]
ǫ∗µZ (p4);
U (Q1i,Q2i)3 = U (Q1i,Q2i)3 gPPV gZBB∗
1
u−m2
B¯
×p3µǫµB∗(p2)ǫσB∗(p1)ǫ∗Zσ(p4). (7)
The quantities T
(Q1i,Q2i)
r and U
(Q1i,Q2i)
r (r = 1, · · · , 3)
appearing in Eqs. (6) and (7) are isospin coefficients of
the scattering amplitudes for t and u-channels, respec-
tively, and are defined in Table I; (Q1i, Q2i) denotes the
charges of particles in the initial state; p1, p2 (p3, p4)
represent the momentum of the particles in the initial
(final) states; mB, mB∗ , mB¯, mB¯∗ and mpi are average
masses of the B, B∗, B¯, B¯∗ and π mesons; ǫB∗(p1) and
ǫ∗
Z(′)
(p4) are the polarization vectors of B
∗ mesons and
Z
(′)
b states, respectively.
In the case of Z ′+b production, we note that there is no
diagram contributing to B¯B → πZ ′b reaction, since there
is no BB¯∗Z ′b vertex. Thus, the amplitudes related to the
t-channel diagrams shown in Fig. 5 for the B¯∗B∗ → πZ ′b
process are,
T (Q1i,Q2i)5 = T (Q1i,Q2i)5 gV V P gZ′B∗B∗
1
t−m2
B¯∗
×ǫµναβǫλσγβp1λp3γp4µ
×ǫB∗σ(p1)ǫB∗α(p2)ǫ∗Z′ν(p4); (8)
while the amplitudes for the u-channel diagrams in
Figs. 4 and 5 associated to the B¯∗B, B¯∗B∗ → πZ ′b pro-
cesses are, respectively,
U (Q1i,Q2i)4 = U (Q1i,Q2i)4 gPPV gZ′B∗B∗
1
u−m2B∗
×ǫµναβp4µ
[
(p2 + p3)α +
m2B −m2pi
m2B∗
p1α
]
×ǫB∗β(p1)ǫ∗Z′ν(p4);
U (Q1i,Q2i)5 = U (Q1i,Q2i)5 gV V P gZ′B∗B∗
1
u−m2
B¯∗
×ǫµνβαǫλγδαp2γp3λp4µ
×ǫB¯∗β(p1)ǫB∗δ(p2)ǫ∗Z′ν(p4). (9)
Again, the isospin coefficients T
(Q1i,Q2i)
4 , U
(Q1i,Q2i)
4 and
U
(Q1i,Q2i)
4 are defined in Table I.
The scattering amplitudes associated with the in-
verse processes πZ
(′)+
b → B¯B, B¯∗B, B¯∗B∗ and πZ ′+b →
B¯∗B, B¯∗B∗ can be determined as above, by using the
correspondence p1 ↔ p3 and p2 ↔ p4.
At this point we are able to determine the
isospin-spin-averaged cross section for the processes
TABLE I: Isospin coefficients T
(Q1i,Q2i)
r and U
(Q1f ,Q2f )
r (r =
1, · · · , 5) appearing in Eqs. (6) and (7).
Diagram Process T
(Q1i,Q2i)
r or U
(Q1i,Q2i)
r
(1a) B−B+ → pi−Z+b 1
(1b) B¯0B0 → pi−Z+b −1
(1c) B¯0B+ → pi0Z+b 1√2
(1d) B¯0B+ → pi0Z+b 1√2
(2a) B∗−B+ → pi−Z+b 1√2
(2b) B¯∗0B+ → pi0Z+b 12
(3a) B∗−B∗+ → pi−Z+b 2
(3b) B¯∗0B∗0 → pi−Z+b −2
(3c) B¯∗0B∗+ → pi0Z+b
√
2
(3d) B¯∗0B∗+ → pi0Z+b
√
2
(4a) B¯∗0B0 → pi−Z′+b 1
(4b) B¯∗0B+ → pi0Z′+b − 1√2
(5a) B∗−B∗+ → pi−Z′+b − 1√2
(5b) B¯∗0B∗0 → pi−Z′+b 1√2
(5c) B¯∗0B∗+ → pi0Z′+b − 12
(5d) B¯∗0B∗+ → pi0Z′+b − 12
B¯B, B¯∗B, B¯∗B∗ → πZ(′)+b , which in the center of mass
(CM) frame is defined as
σr(s) =
1
64π2s
|~pf |
|~pi|
∫
dΩ
∑
S,I
|Mr(s, θ)|2, (10)
where r = 1, 2, 3 label processes associated with Z+b pro-
duction, and r = 4, 5 to Z ′+b production, as in the no-
tation introduced above;
√
s is the CM energy; |~pi| and
|~pf | denote the tri-momenta of initial and final particles
in the CM frame, respectively; the symbol
∑
S,I repre-
sents the sum over the spins and isospins of the particles
in the initial and final state, weighted by the isospin and
spin degeneracy factors of the two particles forming the
initial state for the reaction r, i.e. [27]
∑
S,I
|Mr|2 = 1
(2I1i,r + 1)(2I2i,r + 1)
× 1
(2S1i,r + 1)(2S2i,r + 1)
∑
S,I
|Mr|2,
(11)
where
∑
S,I
|Mr|2 =
∑
Q1i,Q2i
[∑
S
∣∣∣M(Q1i,Q2i)∣∣∣2
]
. (12)
Notice that the charges of the two particles forming the
initial state for the processes in Figs. 1-5 can be com-
bined, giving a total charge Qr = Q1i+Q2i = 0,+1. We
5have then three possibilities: (0, 0), (−,+) and (0,+),
yielding∑
S,I
|Mr|2 =
∑
S
(
|M(0,0)r |2 + |M(−,+)r |2 + |M(0,+)r |2
)
.
(13)
Each amplitudeM(Q1i,Q2i)r in Eq. (12) can be written,
in general, as
M(Q1i,Q2i)r = T (Q1i,Q2i)r + U (Q1i,Q2i)r , (14)
where T (Q1i,Q2i)r and U (Q1i,Q2i)r are the t- and u-channel
amplitudes given in Eqs. (6)-(9).
III. RESULTS
In this Section we analyze the Z
(′)+
b -production cross
sections as a function of CM energy
√
s. The val-
ues of physical quantities and coupling constants used
here are [3]: mpi = 137.3 MeV; mB = 5279.4 MeV;
mB∗ = 5324.8 MeV; mZ = 10607.2 MeV; mZ′ = 10652.2
MeV; mV ≡ mρ = 775 MeV; and fpi = 93 MeV. As for
the gZBB∗ and gZ′B∗B∗ coupling constants introduced in
Eq. (5), the values considered here are those obtained in
Ref. [21] (in accordance with the ones used in Ref. [20]):
gZBB∗ = 13.10
+0.83
−0.88 GeV,
gZ′B∗B∗ = 1.04
+0.1
−0.1 . (15)
To take into account the uncertainties of these couplings,
the results discussed below will be represented by shaded
regions in the plots.
In Fig. 6 the Z+b production cross sections are plotted
as a function of the CM energy
√
s. We see that the
cross sections are ∼ 3 × 10−3 − 5 × 10−2mb for 10.80 ≤√
s ≤ 11.05 GeV. From the figure we can see that the
biggest contribution to the Z+b production comes from
the reaction with BB¯ in the initial state. The B¯ B →
π Zb cross section is bigger than the others by a factor
about 2-3.
The Z ′+b production cross sections are plotted in Fig. 7
as a function of the CM energy
√
s. Remembering that
in this case there is no reaction with initial B¯B state
at leading order, the two relevant processes have cross
sections found to be ∼ 6×10−4−2×10−2 mb for 10.82 ≤√
s ≤ 11.05 GeV, but with the reaction with initial B¯∗B∗
state having the largest cross section by a factor about
2-3.
For completeness, the cross sections related to the in-
verse processes can be also analyzed. In Fig. 8 the Z+b
absorption cross sections are plotted as a function of the
CM energy
√
s. They are found to be∼ 8×10−2−6×10−1
mb for 10.80 ≤ √s ≤ 11.05 GeV. As can be seen, the re-
action with the final B¯∗B∗ state has cross section larger
by a factor about 3-4 with respect to other reactions.
Also, another relevant point is the comparison among
the Z+b production and absorption cross sections reported
FIG. 6: Cross sections for the processes B¯B → piZb (dark
shaded region), B¯∗B → piZb (medium shaded region) and
B¯∗B∗ → piZb (light shaded region), as function of CM energy√
s.
FIG. 7: Cross sections for the processes B¯∗B → piZ′b (dark
shaded region) and B¯∗B∗ → piZ′b (light shaded region), as
function of CM energy
√
s.
in Figs. 6 and 8, respectively: the Zb-production cross
sections are smaller than the absorption ones by a fac-
tor about 2-10, depending on the specific channel. The
essence of the difference between production and absorp-
tion cross sections is due to kinematic effects.
In Fig. 9 the Z ′+b absorption cross sections are plotted
as a function of the CM energy
√
s. The order of the
cross sections is found to be 4 × 10−2 − 3 × 10−1 mb
6FIG. 8: Cross sections for the processes piZb → B¯B (dark
shaded region), piZb → B¯∗B (medium shaded region) and
piZb → B¯∗B∗ (light shaded region), as function of CM energy√
s.
for 10.82 ≤ √s ≤ 11.05 GeV. The reaction with final
B¯∗B∗ state has the largest cross section by a factor about
2-3 with respect to reaction with final B¯∗B state. In
addition, it can be noticed that the Z ′b absorption cross
sections in Fig. 7 are greater than the Z ′b production cross
sections in Fig. 9 by a factor about 8-10, depending on the
specific channel. This behavior is qualitatively similar to
the case involving the Zb state.
FIG. 9: Cross sections for the processes piZ′b → B¯∗B (dark
shaded region) and piZ′b → B¯∗B∗ (light shaded region), as
function of CM energy
√
s.
The findings reported above can be compared to previ-
ous works. In particular, in Ref. [34] the Z
(′)
b production
cross sections are analyzed making use of Heavy-Meson
Effective Theory (HMET), taking as guiding principles
chiral SU(3)L × SU(3)R and heavy quark symmetries.
Considering the relevant scales for HMET, in this ap-
proach ppi (the tri-momentum of the pion) is requested
to be much less than Λχ = 4πfpi ∼ 1 GeV. This fact
engenders a range of validity for the collision energy of
each process. Thus, restricting the comparison to the
energy ranges in which the results reported in Ref. [34]
are valid, it can be noticed that Z
(′)+
b production cross
sections in the present work are smaller by a factor about
10. We believe that this discrepancy is mainly due to the
difference between the magnitude of the couplings, since
in Ref. [34] the gZBB∗ and gZ′B∗B∗ coupling constants
employed are larger (by a factor of
√
8) as compared to
the ones used here.
A. Inclusion of Form Factors
FIG. 10: Same as in Fig. 6, but with inclusion of form factors.
We can also include form factors in the vertices when
evaluating the cross sections for the processes discussed
above. Following [27, 31], we introduce a form factor of
the type
F (~q) =
Λ2
Λ2 + ~q2
(16)
in the calculation of the cross sections for each of the
vertices; Λ is the cutoff and ~q the momentum transfer
in the CM frame [that is, ~q = (~p1CM − ~p3CM ) for the
t-channel, and ~q = (~p1CM − ~p4CM ) for the u-channel].
In Figs. 10-13 we show the cross sections for the differ-
ent reactions studied here when we include form factors
7FIG. 11: Same as in Fig. 7, but with inclusion of form factors.
FIG. 12: Same as in Fig. 8, but with inclusion of form factors.
in Eq. (16) using Λ = 2.0 GeV. As expected, the analysis
done before remains qualitatively valid, but the magni-
tude of the cross sections suffers a reduction, especially
at higher energies.
IV. CONCLUSIONS
We have studied the interactions between the
Z+b (10610) (and also Z
′+
b (10650)) state and pions, in the
processes B¯B → πZb, B¯∗B → πZ(′)b and B¯∗B∗ → πZ(′)b
and their inverse reactions. We have obtained the am-
FIG. 13: Same as in Fig. 9, but with inclusion of form factors.
plitudes and cross sections related to these processes at
leading order within the framework of SU(4) effective
Lagrangians.
We have found that the Z
(′)+
b production cross sections
for the different final B¯B, B¯∗B, B¯∗B∗ states are of the
same order of magnitude. The same happens for the
Z
(′)+
b absorption cross sections.
But one of the main points here is that for reactions
involving both Zb and Z
′
b states, the absorption cross
sections are greater than the production cross sections,
but still comparable with them. This fact may give a
chance of significant survival probability of Z
(′)
b in heavy
ion collisions.
A similar result was found for the X(3872) [27]. How-
ever, whereas the X absorption cross sections are, on
average, about two orders of magnitude larger than the
production ones, the Z’s absorption cross sections are
only a factor about ten larger than the production ones.
These significant differences of the cross sections imply
that the X and the Z’s are much more easily destroyed
than produced in a hot hadronic medium, but the Z’s
have slightly better survival chances.
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